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SlOMXnCANCB  cat  CBBTAXN  FISH  SOUNDS 

/Following  1«  *  truMlfttlon  of  an  artlol*  by  7.  R.  Protoaov 
and  Ya.  V.  BotaasanVo  In  tho  Ruisian~languaga  journal 
ZoolealohaBkiy  Zhurnal  (Zoologleal  Journal),  Vol  XLI,  No  10, 
Moaoou,  pp  1Ti^19287 

Znatit\xt«  of  Aninal  Morpbolo^  of  the  Academy  of  Solenooa 
USSR  (Meaoow)  and  the  Aoouatloa  Inat&tute  of  the  Academy  of  Sciences 
USSR  (Mosoou) 

Underlying  blohydroaooustlQs,  a  new  bioptqraioal  trend,  are 
the  atudy  of  tounde  made  by  water  animala,  and  the  elucidation  of 
their  aignlfioanoe  aa  td,gnala.  The  hietory  of  biohydroacouetioe 
bae  been  given  by  ua  prerloualy  (I'telyukina  and  Protaaov,  19^0). 

The  firat  work  on  biobydr oacoustiea  wae  done  during  the 
Second  World  War,  when,  in  ooimeotion  with  the  maae  uae  of  underwater 
poaition-finding  equipment,  the  queation  arose  aa  to  interference 
from  living  «>ater  orgeniama.  Even  at  that  time  a  large  number  of 
different  and  intenae  unierwater  nolaee  of  biophysical  origin- were 
found.  Sonetinea,  thene  aoundo  absolutely  muffled  the  propeller 
nolee  of  pasting  eHLps,  and  aomatlmea  ecouetio  "mines"  exploded. 

In  order  to  eliminate  the  "biological"  aound  Interferenoa  special 
filters  began  to  be  put  into  the  position  finding  apparatus.  In 
oomeetion  with  thia,  reoords  and  aeouatlc  analysis  were  taada  of  the 
sounds  of  some  animals  in  the  Pacific  and  Atlantic  oceans  by  Japan 
and  tha  United  Statea.  After  the  War,  many  countries  took  up  the 
study  of  the  interpretation  of  biological  underwater  sounds  end  their 
sorring  in  the  aeaa  (USSR,  United  States,  Japan,  France,  Norway,  and 
othere).  During  tha  saaa  period  special  studies  (Fish,  195^j  Shlshkova, 
19^8)  were  otftde  on  the  acoustic  analysis  of  sounds  emitted  by  fish 
in  connection  with  the  problems  of  the  fishing  industry. 

Even  in  these  uorke  it  was  noted  that  many  fish  have  their 
own  sate  of  sounds,  by  which  schools  of  them  can  be  sought  and  found. 
After  the  work  of  Fish  (M,  Fish,  195^),abroad  and  in  the  USSR  studies 
began  to  appear  by  J.  M.  Moulton  (19^),  W,  Tavolga  (1958),  V,  R, 
Protasova  and  H.  P.  Aronova  (I96O)  elarifylng  the  meaning  of  the  sounds 
made  by  fish  and  other  underwater  organ!  smst  biobydroaooustlos  beoacte 
a  new  trend  in  animal  ecology  and  a  division  of  pJ^siologloal  aeoustics. 

The  main  task  of  biohydroaooustios  has  baooma  the  study  of 
acoustic  interrelationships  of  water  organlsme.  Do  these  water  inimbi- 
teants  give  signals  of  danger,  of  finding  food,  and  others,  as  is  done, 
example,  by  birds  and  many  msamalsf  Which  organs  give  off  these  _ 
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ffouttdt  and  how  ii  It  derm?  T 

Naturally,  tha  only  nothod  of  aamarlaf?  all  thaao  quaationa 
li  by  •xporiigentatlon.  Tho  found  i  of  waiar  initMla  ueually  appaar 
with  ofrtain  bfbavior  roaotionf}  tharffora,  for  tha  purpoaa  of  intar« 
prating  thalr  bielcgioal  algnifieanea  it  la  aaeaaaary  to  oraata  thaaa 
raaetiona  (faadlng,  attaok,  dafanfa)  axpariaantally,  with  tha  alaul- 
tanaoua  ra^atration  of  the  aounda  nada*  Proof  of  tha  aignal  aigni* 
floanea  of  ona  aound  or  anothar  ia  tha  poaalbility  of  eontrolling  tha 
bahavior  of  tha  organiaaa  by  brlnginf  about  tha  appropriata  raaetion 
by  aound. 

Exparimanta  for  laarning  tha  aignifieanoa  of  rounds  aada  by 
flah  and  ethar  watar  organ! ama  at  aignal a  can  ba  parferoad  only  with 
high  quality  raoording  and  raproduetion  of  tha  aounda  in  tha  watar  and 
knowladga  of  tha  dataila  of  tha  blologiaa!  intarralationahlpa  of  thaaa 
organlama. 

Clarification  of  tha  aignal  aignifieanoa  of  aounda  oada  by 
watar  organiaaa  and  particularly  flah  can  ba  of  graat  praotiaal  iapor« 
tanea.  Xaitatlen  of  aounda  whioh  ar#  aignifioant  aa  aignala  oar.  ba 
tha  baaia  for  working  out  aoouatioal  attracting  and  rapalUng  oatah 
fliathodt. 

Study  of  tha  aignifioanoa  of  aounda  at  aignala  is  aasooiatad 
with  tha  ganaral  atudy  of  aignala  nada  by  watar  organiaaa.  Of  partioular 
intaraat  in  thia  eonneotlon  ia  the  analyaie  of  leeation  typaat  light, 
alaetrioal,  aonie,  infra«  c^nd  ultraaonie. 

Tha  trenandous  na’ibar  of  apaeiaa  of  underwater  fauna  living 
under  different  conditions  have  given  rite  to  a  great 
variety  in  tha  arrangasant  and  operation  of  aounl«preduein|  and  aound* 
dataotlng  organa  among  its  rapraaantativaa .  Many  fiah,  for  axaapla, 
are  sapabla  of  orienting  thaaaalvaa  to  aouroat  of  vary  low  aounda  with 
long  wavelengths.  Thalr  aound  dataetora  (the  lateral  line  and  inner  ear) 
nake  it  possible  to  looalira  tha  aouroas  of  low*  and  TBadlun-fraquanoy 
sounda  through  a  prifjoipla  different  from  thX  used  in  location  taobnlqua. 
No  last  interesting  is  the  method  of  produotlon  of  sounds, distinguished 
by  a  high  degree  of  afflelenoy,  by  the  flah.  Biophyaioal  study  of 
livlnjLaodali  of  perfect  sound  projectors  and  racaivars  nay  ba  of  intaraat 
for  h^laooustical  anglnaaring.  Thaaa,  in  brief,  are  tho  problem# 
oonfronMng  biohydroacoustios. 

The  pdM«ant  report  i  a  on  biohydreaooustiea# 

jdoiM' ulidai'  liie  dise  i  llcu  ui'  AuadaoiQl&h  TT7~1?-.-  Andreyev  and  J.  P.  KRit* 

In  it  tha  aounda  made  by  some  fiah  are  daaoribad)  their’ 
aignal  and  biological  aignifioanoa  are  elucidated,  and  axparinante 
are  dacoribad  for  finding  out  the  eapabilltlas  of  fiah  in  datamlnlng 
tha  direotion  of  aourcea  of  underwater  sounde, 
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Material  and  Math(^ 

Tha  axparlmants  and  obaarvations  ware  made  in  1 960*1 on 
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faikrina  and  fr«ah  watar  flab  in  tha  Blaok  8aa,  Ryblnak  Btaarvoir,  at  ^ 
tha  aauth  of  tha  Don  Rlvar,  in  tha  watar  bodiaa  of  Moakovakaya  Oblaat 
aa  wall  aa  in  tha  aquaria  and  poola  of  tha  Moaoew  Zoologioal  Rark» 

Moaeew  Uoivaraity  and  tha  Xehthyoloi^  Laboratory  of  tha  Xnatltuta  of 
Aninal  Morpholep  of  tha  Adadany  of  Solanoaa  USSR.  Mora  than  apaaiaa 
of  varina  andfpaah  watar  flah  wara  atudiad.  (A  oonpleta  daMription  of 
aounda  mad  a  by  flah  will  ba  givan  in  tha  Atlaa  Zmltov  Rvb  2/tlaa  of 
Pi  ah  Sound ![/»  praparad  for  publi  aati^.  ^la  Wl^  an^  natura 

of  tha  aatarial  baing  analyzad  in  thia  artiola  ara  ahewn  in  tha  Tabla. 

Tha  aounda  wara  raoordad  within  tha  aound  fraquanoy  ranga 
of  1^  to  1 0f OCX)  oyolaa  a  aaeond  by  naana  of  a  apaoially  eonatruetad 
portabla  aound  raeordari  oonatatlng  of  a  hydrophona  with  a  aanaitirlty 
Of  4o  niorowatta  par  bar  and  a  'Raportar  2*  tapa  raoordar  with  an 
iaprovad  aaplifiar. 

For  tha  purpoaa  of  throwing  light  on  tha  ganaral  natura  of 
tha  aound  aignalt  tha  lattar  ware  photographed  with  tha  aid  of  an 
KPO-2  loop  oaoillograph.  Tha  photography  waa  aonduotad  during  rapro* 
duetion  of  tha  tapa  recording.  Tha  photographa  ahown  below  dapiot 
tha  time  and  amplitude  oharaotariatioa  of  the  fiah  aound  aignala.  For 
tha  purpoaa  of  olarifying  tha  aaplituda«>fraquaney  eharaatariatlOf  the 
tapaa  ware  analyzad  with  a  apaetral  analyzer  (of  tha  ASCbXh«1  type). 

For  tha  purpoza  of  interpreting  tha  biologioal  aignifiea'noa 
of  tha  aounda  nuaareua  axparimantal  obaarvationa  wara  made  of  tha 
ralationehip  between  eartain  behavioral  raaetiona  and  tha  asioeiatad 
aounda.  In  aoma  axparinanta  tha  signal  algntfioanaa  of  the  aounda 
waa  made  olaar.  For  ihia  pturpoaei  tha  raoordad  aounda  wara  raproduoad 
in  tha  water  by  naans  of  a  watar»proofad  projaetor. 

Oftanf  tha  fiah  thamaalvaa  wara  uaad  aa  tha  aoureaa  of  tha  aound. 
After  dividing  tha  aou»d«produeir«  fiah  in  tha  aquaria  and  poola  into 
two  parta  by  an  opaque,  aound^trannittlnf  ohaaaaeloth  and  making  tha  fiah 
in  one  oonpartnant  wait  aounda  (feeding,  frightening,  and  othara),  wa 
obiarvad  tha  behavior  of  tha  fiah  in  tha  other  oompartmant .  Tha  fact 
that  tha  fiah  wara  making  aounda  waa  ohaokad  with  tha  hydrophona, 

For  tha  purpoaa  of  finding  out  about  tha  paroaptibllity  of  aounda 
made  by  fiah  the  flab  ware  trained  with  raapaot  to  tha  feeding  aounda 
whioh  they  made.  Food  waa  uaad  aa  rainforoanant.  ^n  other  worda,  tapa- 
raacrdad  fiah  aounda  wara  prolaetad  at  tha  fiah  whan  they  ware  offered 
fopd7*  A  aimilar  method  waa  uaad  for  finding  out  about  tha  oapaoitlea 
of  ?lah  for  datarmining  tha  diraation  of  aoureaa  of  aounda.  In  this  aaa«, 
with  tha  aim  of  axoluding  the  poaaiblllty  of  elaboration  of  a  oonditionad 
reflex  to  plaoa,  two  idantioal  projector  a  wara  uaad.^wo  Idantioal 
projeotora  in  dlffarant  plaoaa  ware  uaad  in  order  to^ba  aura  that  the 
oonditionad  reflex  formed  waa  net  being  formed  to  tha  plaoa  at  whioh 
tha  flah  wara  fa^. 

Tha  obaarvatlona  of  tha  behavior  of  tha  flab  during  tha  projaotiqn 
of  tha  aound  wara  made  in  tha  aaa  by  moanc  of  apaaial  underwater  aquipmamt 
in  tha  aquaria,  by  means  of  motion  piotura  photography. 
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B«Ayrt  (Htfio  htuo  L.) 

Ocerp  (Aciptntcr  gCIdtMlIStl  Br.) 

CMpiori  (Mlptnter  Pall.) 

flioTM  (Ratitui  rutllua  1.) 

Jim  (Abratnli  ‘brama  L.) 

Com  (Siturua  jltsii  L.) 
tUyaa  (Esox  tuclus  L.) 

PavHoA  HtxHM  (L«ta  lota  L.) 

Bmoh  (Mluurnua  foMilli  L.) 

Kapa  (Cypnnui  earpio  L.) 

OpM,^^eiaicu«  Mu«  var.  orahiM  L.) 

JliiKk  ^inea  ti.’iea  L.) 

Kipack  (CariMlui  earanlui  L.) 

Bapxoam  (Ltueatpfut  daltneatu*  Haekalj 
KacaTKi  eKpHnvH  (Lloeusls  htrzenatefnl) 
To;ictoa>0/.k  (nypaphthalmiciithya  molhrlx  Val.) 

Vropa  (Anguilla  anfullla  L,|^ 


Ion  idalla  Val.) 
caphatu*  ariua  warpaebowik!l 


Am/p  (Ctanopharyngodi 
BuaeroMa  ^phlcapha 
Barg.) 

Cypax  (Lueioperca  bct^era  L.) 

Oxyna  {P«r»  fluvistllit  L.) 

TaMHwft  ropdMxa  (Corvini  nigra  L.) 

Pyaam  (Cranittbrua  tlnu  L.) 

3aMxyuiiU>ou24x?<  (Cren.Ubrua  oeallatua  For.) 
PadXHK  (Cranilabrus  griaeus  L.) 

Mopexoft  Ha.iHH  (Oeldropaarua  madltarrancu  L.) 
Kwpaaa  (Mugli  auiMua  Rlaao) 

CraapiiAt  {Trachuru;  tract'.urua  L.) 

^dapxK  (Chart  puntrzao  L.) 

JfacKHpa  (Strguta  aimularfa  L-) 

Bapadyxx  (Muliua  bar/battu  pontleua  E.) 

arjia  (Syn^tbua  nlgroUnaatua 

MopexoA  oxyxa  (Smtrii  tmarla  L.) 

Mopcxoft  HMK  (So!«a  laaearit  (Riaio)) 

Moiiexott  Kom  (HipKOcamptn  hippaeampua  mlaro> 
atophaaua  Haat.) 

Arapitu  (Athenna  hcpaatui  L.) 

Boftiioaax  puOxa  (BatUr  splandana  Ragan) 

CxaiiKpu  (Ptarophyllupi  elnakey  &  Aul.) 

KKrpoipieitHaTw  (pichlaaoma  nlgrofaapiata) 
MaxponoAU  (Maoropodua  cparcblarlt  L.) 

TypaMK  (Trtcbogaatar  trlefcoptarua  Pall.) 
TKAxnxa  (TIl^Ha  gatiiata  Artadl.) 

Aaxiio  (i'Mio  rtrio) 
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K«y»  A— raoord  And  AUAlyfli  of  found •  (TP-foodlngiH.—Bovoaotrti 
H—fpfwnlngi  y—thraat;  0— oriontftlon?  pfln)i  &««*>tp*riBfirtf 

olfrlfylng  the  *lgnlfioe.nco  of  the  lounde  ft  eignale)  B«-^xperlttenta 
I  olMlfying  the  oepeclty  of  fleh  for  deternlnlng  the  di»eotlon  of  the  1 
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oont'^,  tltlM  of  thf  fwr  oeluiiaa  tMt  0»4tMl 
l^tlM  of  Fithi  mturo  of  fitporlsonto  tti  OkoonrotioiMi  Dtto  of  ' 
5*****^**®*>J|[7  '•  fc*luia;  2^  fiurfoooi  5.  i*wiufai  4,  rooohi 

®f*>***>*  wi^flthi  7«  pilni  6.  b^bot)  9«  loMhf  10»  ouppi  11«  i4oi 

*!®®***  ^5.  ofuolftB  (Mirpf  ik,  "irofkhevta"}  15.  •hwM  oalfloh* 

(?»  RuoilMj  hMo  io  kiitilct  iJorlmia,  •  mloty.of  eobfifh  Ur  ohieh 
tho  tpooloa  iMM  io  not  tho  eno  g4v«i  but  rothov  Fooia4ob«j|nto  fblvi4MOOt 
tho  opMloo  naao  i^von  lo  that  of  a  4iffar«ft  aatflob,  oallai  Mlfim 

Rtttola^j  16.  oiivor  oarpi  17.  aali  ie.  graao  aacpiT^taaln* 
haadt  20.  piko-parohi  21 .  porohi  22.  MinPai  \25.  aaaf'^Mkn'oti  2-4,  a  Idad  of 
aratoai  25.  "ryabahik"  ^nothar  kind  of  araooo}  all  thooa  of  tho  fonuo 
Cra«llabn»^a»a  araooaj/i  26.  a  roekllagt  27.  wdlati  26.  ooadi  29- 
"oubartk*  ^  fioh  altb  tootbad  jaao,  baloaging  to  tba  Charaelnida^f 

oimaullatj  52»  Blaok  8aa  pipafioht  59.  ^aka- 
rali  94.  oolai  95.  oaahoroai  96.  atharinldi  97.  flfhtiag  flohi  96,  aiifal« 
ftahi.  99.  dchlai  4o.  paoadioa  fiohi  4l.  geuraidi  42.  tllapia# 

49.  danio. 


Tha  Sxpariaantal  Data  and  A  Dlaauoalan  of  Tbaa 

Biologleol  Sounds  In  Watar  Bedlas,  Tor  a  numbar  of  aaao  it 
has  boon  dot arnlnad  that  tha  sounds  aada  by  aatar  fauna  ahancas  in 
aaoordanaa  aith  tha  season  and  tisM  of  tha  day  (Oobrin,  1947).  fharaby, 
tha  MXiBnoi  sound  production  occurs  during  pcaloda  assoelatad  aith  tba 
raproduetien  of  tha  aatar  aninals  and  aith  foraging.  Our  data  aonfin 
this  conclusion.  Black  Sea  fish  (oabra  and  aaa-parrot)  begin  to 
naka  sounds  during  tha  raproduction  pariod  (May-August;.  ffMoa  fish 
produoa  sounds  swat  aatiaaly  at  tailifht  and  at  daan,  ahan  they  faad. 

Tha  pariodiaity  of  sound  production  by  aatar  aninals  is  nanlfaatad 
in  tha  nest  claar-cut  nannar  in  frash  aatar  bodiaa  (Uka  Sanash  in 
Moskerskaya  Oblast,  Bybinsk  Rasaraoir).  In  tba  aintar,  tha  blologioal 
sounds  acra  not  datactad  undar  tha  ica.  Tha  silanoa  steps  in  April-NAy, 
and  tha  feeding  scunds  of  tha  fish  begin  to  ba  hoard.  At  tha  and  of 
May-baginning  of  .Tuna  tha  spaaific  fish  sounds  assoelatad  aith  spaaning 
appaart  tha  chirps  of  tha  reaoh,  oharaotaristic  sounds  of  tba  braan, 
tapping  of  tha  parohas,  ate.  During  this  pariod  tha  sound  baakgsound 
in  tha  aatar  body  ahangas  eonsidarably  during  tha  day.  At  sunset  and 
during  the  night  the  sound  background  is  graataat.  Various  hydredynaaio 
noises  are  hoard  (tha  chirps  of  hunting  fish),  aith  sounds  of  unknoan 
erganisna  rascnbling  chirping  of  orickatsi  croaking  of  frogs,  calls 
of  night  diaars,  and  others.  In  tha  daytiaa,  60  parcant  of  tha  teunds 
of  biological  origin  disappear.  In  tha  autuan,  tha  biological  sounds 
in  the  aatar  bodies  baoona  quiasoant. 

Observations  in  nature  shoeing  tba  ralationahip  betaaan  aass 
production  of  sounds  by  fish  during  spaanlag  aara  oonflraad  by  us 
axpariasntally  on  aquarivos  fish  (fighting  fish,  PtarephyllvM,  and  i 
others).  By  stiaulating  or  inhibiting  spaaning  and  tha  initiation  -f  * 
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__  1  -mm 

rfh*  pvafpmning  itat*  In  th«t«  flth,  it  1«  pectibl*  «t  will  to  InerMtl 
'  nr  r«4U««  thnlr  iwiin  netivlty*  ' 

Fnndlng  Sounds  of  nth.  Neto  obouU  bo  iMdo  of  tho  ooundo 
ohioh  fith  Mko  ohtn  thoy  oopturo  ond  ohow  tho  food.  Foodlng  toundo  oro 
involuntary}  thoy  aoeonpony  tbo  aot  of  foodlng. 

In  tbo  naturo  of  tholr  fooding  fiah  eon  bo  dividod  into 
prodatory  (eanniballatlo)  and  "poaoofult*  fooling  on  othor  MlMla  and 
planto.  Dlfforoneoa  in  tho  aodo  of  fooding  aro  oxproaaod  alao  In  tho 
aeeuatioal  eharaotoriatloa  of  tounda  produood  Iqr  fiah.  Aa  a  rulo«  tho 
non-prodatory  fiah  aro  oanivoroua. 

Prodatory  fith  and  aono  largo  non*prodatory  fiah,  naaaly, 
tho  piko,  pitot-paroh,  largo  porehoa,  tnakahoada,  Sanubo  oatftah,  boluga, 
oooan  porohoa,  .katoa,  aharka,  largo  OBbroa,  roeldinga  and  othora  uoually 
oualloo  tholr  fiah  uholo,  vitheut  ehoNing  on  it.'  Aa  a  rulo.  tho  oapturo 
lo  aaaoolatod  with  a  eharaetoriatlo  olap  or  iatpaot  aound  in  tho  analoahoad, 
leaeh#  largo  porohoa,  rookling,  and  aplny  dogfiah}  vlth  apoeifio  "Idbk* 
aounda  (Oambo  catfiab)  and  aonotinoa  vith  apooifio  thrill  tounda  (boluga). 
On  Fig.  1.  a  and  b,  uhotographa  aro  abovn  of  tho  oapturo  aounda  aado  by 
tbo  piko«poroh  and  anakoboad}  on  Pig.  1,  o  and  d,  tho  apootruM  of  tholr 
froquonoioo.  Tbo  oapturo  aounda  aro  dlfforont  in  fiah  of  difforont  tpooioa. 

POir>prodatory  and  aomo  prodatory  flab,  nanoly,  tho  oarp, 

Ida,  tonoh,  orxieian  oarp,  "vorkhovha",  roaob,  oabro,  nullot,  aiwll  aoad, 
and  othora  food  on  variod  feed  (planta,  rolativoly  aotallo  bottea  organiana 
and  Boving  plankton).  It  ahould  ba  noted  that  tha  aounda  vhloh  thaynaka 
durii^  faodinr  depend  on  tho  naturo  of  tho  feed.  When  thoy  food  on 
rolctlvoly  lonobilo  oxganiinns  (ChironoaUo,  aMaaolo,  and  othora)  tha 
capture  found •  node  by  tbo  aojorlty  of  fiah  ara  inaudibla.  Seaatiaaa, 
only  tha  hungrioit  fiah  oapturo  tho  food  ulth  anaoklng  and  auoldng  nolaaa 
(loach,  broaa  and  othars)  or  uith  a  vary  asuoh  aufflad  oraokin?  (aoa* 
parrot),  v/hon  faadlng  cn  aobllo  organlotto  (Qaamarua,  Inaoota  ai^  othart), 
thoy  uoually  aako  aounda  during  tho  oapturo t  oraotdng  (•oof^arret,  aaall 
OBibreo  and  othora),  iapact  eoui^o  (aaall  poreboa,  aaall  pika^arebao, 
angel  fiah  and  othora),  loud  ehaaplng  (orueian  carpi,  oarpa).  It  ahwld 
ba  nctad  that  aany  non«pradatory  fiah  oat  neiaolotoly. 

In  oentraot  to  prodatory  floh.  All  non-prodatery  faah  uoually 
grind  up  oapturod  feed,  tbaraby  aaklng  oharaotarlatie  aounda  ’  hioh  raaaablo 
r\ibbing  dr  grating  aounda  or  tho  aound  cf  fat  baina  frlad  ("r^kbovka*) 
oith  variouB  tone  ohadinga  in  variovia  fiahi  tha  aaplitudaofraquanoy 
eharaetoriatioa  of  the  grinding  and  food-ferolng  aounda  aro  aiailar  and 
roprooon.  a  eentinuoua  opoetrua  uith  tho  irregularity  in  tbo  froquonoy 
range  not  oxoooding  dooibolo.  Oi  Fig.  2,  a  and  b,  photograph#  aro  ahoun 
of  tho  aounda  aado  by  foroing  food  in  by  fiahoo  of  tbo  porch  faaily 
(dehlaaona  nigrofaoolata)  and  by  grinding  uith  tho  pharyngeal  tooth 
in  aoabort  of  the  oarp  faaily)  on  Fig  2,  o  and  d,  tho  apootrua  of  tho 
froquonoioo  of  thoao  eeunio  ia  thoun. 

'fhan  oxeitod  by  aenalnr  food, fiah  aaka  eharaotorlatio  aoundiri 
Chara  puntaaxe  aakoa  a  aound  roaoabling  tbo  putt-putt  of  a  aetoroyclo  I 
TPif*  9*  ^  boluga  aakoe  loud  rattling. 
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Amonfr  th«  aouRdt  Md«  by  fish  «Imb  fMdinf  ar*  alao  tha  Hf 
hydrodynanio  nol«a»  Kiting  from  th«  lunfai  of  .th«  flah  for  tho  food. 

Xn  tho  proiont  article  thoM  ooundt  art  not  boing  analysod.  booauio 
thfir  fundanoBtal  frequotioloo  ar#  loiter  than  y)  oyclet  a  ooeond. 

?oraoptioi)  of  Fooding  Souada  by  Flah.  tho  apootnoB  of  froquoBoloa 
of  tho  flab  foodlng  eounda  oxtondaf  aa  a  rule,  from  90  to  10,000  aycloa  o 
aooend}  tho  proaauro  aaplituda  roaahoa  aovoral  bar a.  The  avail tery 
proportioR  of  tho  flah  ara  the  fellewlagt  In  tha  a*jority  of  fiah 
tha  apaetnaa  of  aenie  fraquaneloa  paroaivsd  (Malyuldtiaaid  Protaaov, 

19^0)  lioa  batwooa  S9  and  19,199  oyolaa  a  aoeond,  vhllo  tho  thraahold 
aanaitivlty  aaeunta  to  0.002  bar.  Ooapariaon  of  thoao  data  parnlta 
draoing  tha  oonolualon  that  the  aounda  node  by  fish  during  foodinf  ean 
bo  porcalvad  by  othar  Individuals  of  tho  saao  apaeioa.  With  tho  ala 
of  oonfirsdng  this  eonoluaien,  aa  porfornad  an  axpariaont  on  rivar  poroh 
aith  tha  elaboration  of  a  oonditionad  roflox  to  aounda  of  capture  and 
grinding  of  food.  Tho  axpariaont  aaa  porforaod  in  a  pool  aoaauring 
2x0. 7x0.9  uator  aith  1?  a^eiaona  of  parch.  Tha  feeding  aounda  aara 
raproduoad  through  an  oloetrodynaale  aound  projaetor.  Food  (ohironeaid 
larvae)  served  as  roinforooaont.  The  hungry  poroh  roaotod  to  the  first 
reproduction  of  the  lounds  aith  a  unaaliiioua  positive  reaction t  sn 
invoatigative  food-saentflng  raaotion  appaarad  in  tho  xajerlty  of  thoni 
part  e«ao  up  to  tho  aouroo  of  tha  sound.  Tha  raflax  aaa  oensolidatad 
after  18  eonblnatlons.  After  this,  tho  reflex  to  tho  aounui!  vas 
manlfaatad  avon  under  conditions  of  eonaidarabla  aonio  intorforonoa 
and  not  only  to  the  actual  fcading  aounda  but  alto  to  rough  iai tat ions 
of  than,  Tharofore,  the  fact  that  fiob  porooivo  their  feeding  aounda 
aaa  ahoan  axperiaantally. 

In  parallel  aith  the  experinente  for  the  elucidation  of  tha 
ability  of  fish  to  pereeiva  feeding  aounda,  exparinenta  aara  performed 
in  aquaria,  in  pools  atid  in  the  tea  for  the  purpose  of  finding  out 
ahether  fish  ean  determine  the  direction  of  the  souroe  of  underaater 
sounds.  The  material  of  theta  axperimanti  eonfiro  data  in  the  literature 
(l-'Alyuleina  and  Protaaov,  i960)  eonoernlng  the  capacity  of  fish  for 
determining  the  direction  of  a  sourea  of  aound.  tn  the  pool  (19x19x2 
metera)  the  surmullets  and  toads  turned  toaard  the  souroe  of  eound 
of  a  frequency  of  yo  cycles  a  second  from  a  diatanee  of  9^  actara, 

Mhloh  axoaadad  the  aavelength  of  the  soundi  in  the  aea  the  ae»»parrot 
and  sole  reaeted  in  a  elaar-eut  atjcnar  fron  a  dlatanca  of  four  aetera. 

Tha  Slgnlfioanoa  of  Feeding  Sounds  as  Signals.  The  antaar 
to  the  question  of  the  eignif loanee  of  fish  feeding  stAinds  aa  signals 
aaa  given  in  a  number  of  axpariaente  and  observations. 

The  exparimenta  on  tha  reaetlons  of  rivar  parobaa  and  aaa- 
parreta  aara  parfermad  in  a  poo*  and  in  aquaria.  Reproduetion  of  the 
feeding  aounda  (sounds  of  capture  and  grinding  of  feed)  nada  by 
domestieatad  hungry  rivar  perob  in  a  pool  measuring  2x0. 7x0. 9  meter  , 
aauaed  a  positive  reaction  in  thcai  Inveatigative  food  reactions  and  | 
^purpotaful  movamant  toaard  tha  sourea  of  the  sound.  ’.Vhan  tha  feeding-—’' 
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•butii*  3f*p«at«d  n&ny  tin«i  without  food  rolnforeoaont  tho  roMtlo: 
to  thoM  aouadt  by  tho  poroboa  dlad  out*  TMa  apaako  for  tha  naturaXl; 
aUberatad  oonditionad-raflax  obatvaeter  of  thla  raaotlon. 


During  faadlng,  dlffaratrt  apaalaa  of  araaaaa  wlw  loud 
aoundat  "oraeklng’'  and  round •  of  food  grinding.  first  obsarrationa 

Sotaaov  and  Aronov,  1^0)  ''afa  »sda  on  a  group  of  huMry  aasi-parrota 
aiAlabrua  ooallatusTand  «rulan“  ^ranilrtwa  tinojA 
o  aavaral  faadlng  fish  by  an  opaqua, 

Tha  laolatad  fish  bacaaa  axoitad  uhao  tnay  hoard  tha  aou^a  cordng 
from  tha  other  aide  of  tha  partition  and  bagan  to  aaim 
over  tha  ahola  aquarium.  Hovaver,  there  ^re 

in  tha  dlraotion  of  tha  aouroe  of  tho  sound.  Only  In  individual  oagaa,j 


uhan  tha  exparlaantal  fish  vara  at  a  dlatanca  of  less  than  15  on  from  j 
tha  partition*  was  a  purnoaaful  novanent  observed  toward  the  eouroa  * 
of  the  sound, 

3ubeaquentljr,  an  axpariaant  was  performed  on  the  reactions  of 
iea*«parrotB  to  reproduction  of  feeding  sound  a.  Toe  majority  of  sea** 
parrot a  beaau#  axolted  and  swam  diraotly  toward  the  seuroa.  This 
jfeactlon  oocurrad  moat  vigorously  in  the  aquarium  if,  at  the  sane  tine, 
one  of  tho  sea-parrots  near  the  projeotor  sjade  Invastlgatlva  wovementa 
(visual  signal).  • 

'"be  signifioanca  of  tha  sounds  of  feeding  a.«  signals  is  also 
oonflrmed  by  numerous  ebaervatlona  of  the  behavior  of  hungry  fish 
under  experimental  conc’itlons.  Ths  Cichlasoma  aquari\ac  fish  ir*ake 
loud  noises  when  grinding  food  (Pig.  2),  Unfed  Ciehlasoaa  fl^ 
were  eaparated  from  feeding  spaclmens  by  an  opaque  aoundproof  ^ound 
trananittlrni  intends^  nartltion,  V,’ban  tha  Ciehlasoaa  behind  ths 
partition  heard  tha  feeding  sounds*  first  an  orientating  and  than  an 
investigative  food  reaation  appeared.  larger  individuals  at  a 

distance  of  leas  that;  one  meter  from  the  "souree''  of  the  sound  reacted 
with  a  persistent  actor  reaction  to  tho  source  of  the  sound,  trying  to 
get  tbrouvb  the  cheeeaeloth. 

In  our  observations  a  poettivo  reaction  of  eerr^  soaoimona 
to  tho  foeding  sounds  of  others  was  noted  repeatedly.  Whan  in  turbid 
water,  the  sea  parrots  swam  up  to  ths  other  sea  parrots,  eskin/r  tha 
food  capture  sounds,  frois  a  dlstatxj®  of  lO-JC  oantlaeters.  Very  often, 
by  tbo  feadlng  sounds  the  aele  fighting  fish  seeks  out  a  hiding  feuale 
frcH  a  distance  of  50-0O  oib,  TIjo  fish  fesding  eotinds  era  of  signal 
significance  not  only  for  the  individuals  of  tho  ss»e  spaclasj  they  often 
acquire  the  nature  of  iutorapecica  signals. 

In  one  of  tho  .»baarvation'S  tha  aquarium  with  aavaral  spaolaa 
(leach,  "banded  catflah",  river  and  blue  parch,  mullets  and  grass  carps) 
was  Inootaplotaly  separated  into  two  parts.  Tha  fish  wort  able  to  go 
freely  from  one  compartment  to  the  other,  although  when  they  were  in 
different  oomparttaents  they  could  not  see  one  another,  •'■'hen  fish  of 
the  same  species  were  In  one  of  tlie  ooopartwents  they  ware  given  food. 

If  the  feedii«  fish  were  loaches  or  parches  the  other  fish,  which  were 


At  A  diatAncs  of  50~70  om  from  thaw,  aara  axoltad  and  aMAs  to  tha 
othar  aoapArtmant  aa  aooo  aa  tha  faadlng  aounda  bagan.  It  ahould  ba 
BOtad  that  the  rata  of  tha  roaotlon  of  flah  to  faadlng  aounda  la 
praotioally  Instantanaouat  ahoraaa  tha  raaetion  tlna  (in  a  oontrot 
obsarvation)  of  tha  aama  fiah  to  aquaaaad  julea  occur a  aft ar  aavaral 
ttimitaa  and  la  oanifaatad  diffarantly.  Thla  axoludaa  tha  poaaibla 
idaa  of  chaalaal  Attraction  of  tha  flah  to  tha  faadlng  plaoa. 

Predatory  I'tab  raaet  in  a  particularly  elaar-cut  mannar  to 
tha  faadlng  aounda  of  non-pradatory  and  predatory  flah»  Uhfad  parohaa  are 
,T«ry excited  by  reproduction  of  faadlnf  aounda  of  paroh,  “bandod  catfleh" 
and  loaohaa,  and  go  directly  toward  the  aound  projector  from  dlataneaa 
of  tO-60  cm. 

Both  In  tha  oxparlaanta  and  in  tha  bbaarvationa  a  clear-cut 
purpoaaful  reaction  by  coma  flah  to  tha  faedlng  aoxaida  of  othara 
oooura  at  abort  dlatanooaf  of  tha  order  of  a  few  aoora  oantiaetara. 

In  tha  majority  of  caaaa  tha.foading  aounda  are  oriantativa  aignalit 
vth5ch  are  interpreted  by  tha  flah  aa  "attantlont "  Tha  oombination 
of  thla  algnal  vith  othara,  naaalyi  tha  eight  of  inraatigAtiva  sovamant 
by  othar  flah  (vlaual  aignC)  or  jidea  aquaasad  out  of  food  (olfactory 
and  guatatery  algnal)  Itnadlataly  oauaaa  a  px^rpoaeful  raaotion  of 
going  toward  tha  aouroa  of  tha  aouod.  In  the  lltaratxira  faeta  are 
wall  known  which  also  speak  for  tha  algnal  algnlflcanca  of  aounda 
of  feeding*  R.  Suanall  (1953)  and  J,  V/aatanbarg  (1955)  daaarSba 
maana  of  oatohing  aomc  predatory  fish  of  ifrloa  and  Indonaala  by 
making  tha  faadlng  scunda  of  some  non-pradatory  flah.  The  t>atohlng 
of  the  Danuba  catflah  by  the  "Idok*  aound  (Sabanayax,  I9II )  has 
also  bean  known  a  long  ti):i;<»:  It  apparently  Imitatas  tha  sound 
mada  by  this  flah  in  catching  food. 

Sounds  oQourring  during  faadlng  oauaa  mora  than  just  a 
positive  raaotlonj  the  hydrodynamic  aei^a  created  by  predatory 
flah  In  capturing  flah  cause  a  dafense  raaotion  In  s^l  flah.  On  hear- 
ingthe  hydrodynamic  aot4nd8  of  the  lunging  of  onbrea,  small  atherlnlda 
aoattar  from  their  schools^  fading  away  on  the  surface  of  the  water 
(tha  experiment  was  performed  with  poor  Illumination). 

Aggraaalva  Sounds  and  Thalr  Blologloal  Signllloanoa.  Dofanaa 
and  attack  are  tha  main  alamanta  In  the  Inter-  and  intreapeciaa  relations 
of  flab.  Aggraasiva  behavior  of  flah  la  often  axpraaaad  Ini  food 
ralatlona.  In  dafacca  of  territory,  in  ralatiena  between  wAlaa  during 
the  spawning  period,  Pravloualy,  throat  signals  In  the  form  of 
a  dmm  boat  by  Cranilabrua  grlaaus  have  been  doaoribed  (Frotaaev  and 
Ironev,  19^0)»  Sound  signals  of  threat  during  excitation  by  food 
are  made  by  unfed  river  perohea  (clapping  noise),  thereby  raising 
tha  dorsal  fin.  Tha  atrongaat  fish  m^  tha  loudest  olapa.  Often, 
after  these  olapa,  the  strong  parch  begin  to  race  after  tha  weak  ones 
which  have  captured  food.  A  distinct  raaotion  of  the  paroh  (swltoiting 
away)  is  aoan  In  raaponsa  to  theta  aounda  when  made  a.t  short  dlatonoea, 
lass  than  10  cm.  Soma  marine  flcb,  namely,  aaa  parrots,  aargooa,  and 
othMs,  nakaa  tha  aat^e  aounda  (clapping)  during  oxoitamant  from  sensing 


fof.d.  In  aquariun  fl»h— angal  flah,  Oiohlaaoaa,  bandad  oatfliiMa 

won  ai  In  nai-ine  flalji— »«a  pairrota  and  farc9aa-*th«  was^nina  aoSada 

oxtail  apnaa»  In  conn«<itioa  tha  dafanaa  of  tawttory  oapturad 

in  tha  oquaifitaB.  In  ^.his  oonnaetion  tha  bahavlor  of  tha  Qtoblaaoaia 

is  Koa-t  algnlficant.  In  tha  aquaritaa  thay  uaually  dlvlda  off  in  patf*a 

(raaio  ana  iamale),  oo<mpylnf  a  aartala  tarritory.  Tha  "oaptxira*  of 

the  territory  load#  to  fighta.  At  a  diatanoa  of  15**^  oa  tha  aalaa 

assvjje  thraatanin,-?  poeea  and  a&ka  loud  olapa.  Tha  ataall  apaaiaana 

near  the  sites  of  tha  fights,  drop  to  tha  botto*,  aiaiaaliu  daftnalva  I 

pofles.  ri'.e  obaervotlOns  shonad  that  during  the  fl|^,ti  thaaa  aounda  \ 

do  net  occur  frcjn  aechenioal  lapaete  of  colliding  flab  but  are  aada.  | 

aa  algnals  of  throat,  *  • 

These  clapping  threatanit^  signal  a  are  oade  by  mala 
fichla^cuaa,  fighting  fish  and  angel  flah  dtiring  fights  for  the  fenale  ■ 

0,3  violl  ae  when  the  mle  chases  the  fanale,  ' Bxparlaeilllialth  the  * 

sc'.aration  at  fish  17/  opaqw  sound-tranani ttlng  parti tiona  ahowad  that 
the  occ’.irrence  of  thesi  sounds  la  the  aquarluts  excites  the  fish, 

I-  0] ear-out  defense  reaction  (aalnnilng  axay,  flight)  Is  nanifaated  whan  the 
source  efeound  ia  ar,  a  distance  of  several  centlnidtars  (lees  tbtin  10), 

In  the  Eajority  of  fish  the  defense  raaotion  is  express^  in  the  oost 
clear-cut  aanner  when  the  sound  and  "visual"  signals  act  siaultaneously. 

Threatening  sigmls  occur  acong  fish  not  only  In  the  foro  of  j 

clG^inlng,  T'lis  banded  catfish  make  threatening  slgnala  sladlar  to  a  | 

shrill  squeak.  They  usually  tsake  these  sounds  when  ohaelnf  after  | 

..'laainf  fish,  | 

In  .  ig,  4,  a  ar<d  b,  the  njenaciar  signals  of  angel  fish  and  I 

Mchlascna  ar«  sham.  On  ti?,  k,  c  and  d,  the  spectrun  of  the  frequencies  | 

of  these  sound n  is  shonn.  | 

cc-undc  of  Fright  and  Pcln  in  Pish,  '..'hen  fright ensd  sane  fish  f 

also  utter  souiids.  The  roach,  caught  In  a  easting  net  during  its  \ 

reproductive  r>«rlod,  real;de  e  loud  chirping  sound.  This  aourtd  isari-  I 

ddntly  of  defensive  fi;nrif loanee,  apparently  aaualng  the  nearby  roaches  ’ 

to  .r  n.  av:»y,  ■ 

".'ar8.eri*rlatic  hydrody:ca’ric  sounds  are  uade  by  the  followlnr  •’ 

sc/.c'c-j '*  of  ■'■'tsh  «hen  frightened;  perches,  roaches,  younv  atherinldf, 
cj.v'',  s-e-A  narrows  and  others, 

Pne  acoustic  fright  slynals  of  schools  of  fish  are  apparently  • 

Cl  "Icflriite  irinortanca  gs  signals,  waldng  it  nossiblo  for  indivi^yaie 

ir.  the  schvcola  to  carry  out  rapid  icsneiuvars.  T’hls  la  also  indicated 

by  s,or:'.o  data  in  the  :  itovneuro  ('’ioultor;,  19^0).  ft'i  5  tha  fright  • 

cQ'jir'ds  o'  sc'iooj. s  0.'  yo'.’.i^  carp  are  shown.  Th?  gpectrure  of  theee 

sevrKis  ir-  iaainly  o.'  Iok  ^'roquoncios. 

In  the  litoi'F.tiG'e  (-’aea,  19^9)  there  are  etatesaents  to  the 
oifoct,  that  wouKced  f ^  ah  raust  utter  cries  of  pain,  'flth  the  aim  of 
,cle.rjfyinir  this  probiei;  eycarisient”  were  cerfornjed  iiith  wounded  liah. 

.TiriC.il  sreoimens  of  varinu.c  eceoles  {roach,  cniclan  carp,  parch,  ssea . 
narrot,  'oraaiTi,  osee:;  perch,  fioed  and  others)  fail  to  aake  char  act  eristic 
EO'unds  whan  wcundau.  Lar.ofs  fish  (sturgeon,  loaoh,  roaoh  and  bream) 
frequently  louo  sounds  when  wounded;  the  roach  and  breaa— lo^Ad 
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•ttiHoil  tturgaen  And  lo«eb«-loud  Oa  Fig.  *  tad  bf  " 

ihm  nocifld«  md*  by  th«  loath  «h«n  aouadod  ar«  shc«a.  Th«««  aouadt 
•yy&roatly  eoour  fl*oa  rigavoaa  eoatmatlon  of  the  awta  bltddor  tad 
irbowtiMf  iquMsiag  eiit  a  porit'on  of  tbo  air.  Tha  ilghlfieKMO  of 
thooo  Mtaida  to  olgntlo  haa  ttai  booa  elarlftod. 

Fraotloal  Vtiliaatloa  of  Flah  Settoda.  Provloualy,  It  haa 
ibaaa  matlonad  (Malyul^aa  and  Protaaor,  1960}  ahlahkora,  19^)  that 
'aouada  aaida  by  flah  ara  oharaetarlatlo  of  diffaroat  apaoiaa  and  aaa  ba 
luad  la  iha  prae|^oa  of  axploratory  flahing  for  loealiaatioa  aad  dataUion 

Spaolfleally,  vo  bollova  that  it  la  poaalbla,  with  tha  aid  of  aauada  aada 
by  aoheola  of  flah*  to  ebaaryo  tho  adgratloa  of  ooBnaarotaX  aohoola  with 
tha  uaa  of  a  apaoial  oybaraotie  automt.  A  datallad  daaoriptloa  of  tha 
aMthod  will  ba  glvaa  la  tha  futtira. 

Aaothar  aapaet  of  praotloal  applloatioa  of  flab  aouada  la  tha 
poaaibillty  of  iialag  thaa  for  attraoting  and  rapalllag  flah.  Along 
thla  liaai  tho  problott  haa  aot  yat  baan  finally  aolrad  (no  oritlcal 
axparlaanta  hava  baaa  mada  la  tha  aoo}  no  atudy  haa  baan  nada  of  tha 
ultra-  and  infraaonle  ram^a  of  tha  najorlty  of  tia  aeunda).  Tha  data 
ebtalnad  on  tha  aowd  ran|^  aalta  it  poaaibla  to  ajcpraaa  oartaln  tantativa 
wnaldaratlona*  From  axparlaanta  aad  obaarviEtiona  on  the  algaifleanoa  of 
finding  aad  danger  algnala  la  yarioua  flah  It  followa  that  tha  Motor 

foaotion  of  flih  to  thaao  aouada  la  sraaifeated  at  abort  diataneoa} 

In  flah,  only  with  tho  partioipatioe  of  othor  algnale.  Thlt 
oharaotorlatie  la  apparently  related  to  tha  donlnant  role  of  one 
analyser  ^anae  organ  in  antlratj/  or  another  of  tha  flah  in  tha 
axlatlBg  aoolegieal  ralatlonahlpa.  For  flah  (Danube  aatflah  and  aoaa 
othara)  In  which  aoauatio  algoad*  are  baaio,  tha  sound*  which  are  of 
iiepartanoa  as  algnala  oan  b«  uaad  for  attssetlng  and  rapalllng  fish 
in  fishing  practloa.  Far  the  Majority  of  fish»  in  which,  aside  fron 
hearing,  alalen  and  olfaction  are  of  slgaif loanee,  tha  food  and 
dafanae  raaotlona  (signal,  diraetion  and  oontrol)  are  nanlfastad  In 
roeponaa  to  the  action  of  tha  total  signals  (aou;^,  light,  eheoloal 
agents }* 

The  behavior  of  thaaa  fish  oan  ba  controlled  through  the 
aotion  of  a  ooMbiaatlon  of  signala,  which  bring  about  tha  axpraacion 
of  invaatlgativa  or  dafanae  raaetlona, 

r>onoluaiona 

1,  Tha  aounda  Made  by  various  fish  apaelae  are  charaet ar iatlo, 
which  oan  ba  shown  orally  by  lietoning  and  by  acouatio  analysia.  This 
oharaetariatic  featu!*e  oan  ba  used  praetlcally. 

2.  Fish  are  capable  of  perceiving  the  sounds  aada  and,  at 
short  dlatanoaa  (lea*  thim  on#  aatar),  of  datarolnlng  tha  diraetion 
frott  whloh  they  cone. 

5,  Feeding  and  threatening  sound*  in  aojw  flab  are  of  signi- 
floainoa  as  •Ignals  for  attracting  wid  repelling  other  fleh,  but  they 
exert  thalr  affects  at  short  diatoneea.  In  the  Majority  of  flah  tha 
food  and  dafanae  reactions  can  be  controlled  only  through  the  oompra- 
hanalva  action  of  several  algnala  (aound,  light  and  others ), 
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4.  Sounds  of  fright  uid  pa&n  at*  eburtetorlitie  of  uoundod 
fish  ond  probably  aro  of  Inpertaneo  as  signals. 

Thars  is  rsason  to  ballsro  that  ths  aalerltj*  of  ths 
sounds  studied  ara  part  of  ths  aooustlo  signals  eovsrlng  largor 
areas  of  ths  sound  spsotrua.  Thsrsln  lias  ens  of  tbs  possible  reasons 
for  the  loe  reactivity  of  the  majority  of  fish  to  hiologieal  signals 
In  the  sonlo  range. 
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Fig,  Sounds  of  Fright  Msde  by  Fig.  6,  Sotxnd*  Msdo  by  th«  Loaeh 

Sohools  of  Your«r  Carp.  «bea  \#ounded.  a— gonoral  mitur* 

of  tbe  aigaelj  b>~«a|»litud«»frequo»oy 
oharaoioristlo*  of  tb«  souasd. 
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